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QUECK-F:FLLASE CONNECTOR
Keénnedy F. Rubert, Yorktown, Va., assignor to the United
States of Aruerica as represented by the National Aero-
nautics and Space Administration
Filed Mar, 28, 1964, Ser. No. 353,632
19 Claims. (Cl. 102-—-49)

The invention described herein may be manufactured
and. used by or for the Government of the United States
of Asmerica for governmental purposes without the pay-
ment of any royalties thereon or therefor.

This invention relates generzily to a connpector and
more particulariy to a quick-release conunector which
utilizes a disinic gra[able member. More specifically, ene
embodiment of the invention relates to an interstage con-
nection for rocket vehicles.

Previously, quick-release connectors have required and
used mechanical apparatus foreffecting the separaticn of
two elements. These known types of qmck»rel«"ase con-
nectors, such as automaiic shutoff valves, usually have
stroctures which fragmentate upon the occurrence of a
predetermined event or at a predesignated time. The
fragments of the connectors which remain are hazardous
and there is resolting undesirable debris. Where two
sections or stages of a multistage rocket were invoived, the
prior structure consisted of devices such as explosive
bolts wired for simultaneous explosion or elastic de-
forming members intended to deflect uniformly m a
manner so as to achieve release through physical dis-
p]acemen of the paris. Previousiv known arrangements
for interstage connectors present dificulties in design
in that simultaneous re'ease of all points of the attach-
ments is difficult to be obleined, That is, the separation
is seldom {ree of interference from closely associated
parts. This results in tipefi, asymmetry of separation and
a deflection of the upper stoge from its intended flight-
path.

The present invention overcomes the above difficulties
by using in a connector for an interstage locking mecha-
nism, “tempered glass” which has the characteristic of
disintegrating into a sand-like material. The rempants
of the glass are not sharp or hazardous and are of litde
volume. Further, upon local failure of the connector,
there is a substantially instantaneous and uniform djsin-
tegration of- the connector which permits symmetr.cal
separatiofi of the associated elements.

Accordingly, it is an object of the instant invention to
provide a posjtive conneciion whicheis capable of trans-
ferring loads and that w h::n punciured will instantane-
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ously and uniformly dis to zifect a disconnect,
Another object of this invention is to provide a
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the connector at a predetermined time and thereby cause
uniforni and instantaneocus separaticn of the two stages.

Another object of the instant invention is to provide a
Sd‘CiV device for nse when instantaneous and uniform
separ ation of members is necessary in which an initjator
impinges upon a coanector that uniformly disintegrates.

Still another objeet of the instant invention is to provide
an expendable relezse device wherein local failure of a
monolithic connecior zJects simultaneous release of all
secbass

~ A further cbject of this invention is to provide a con-
»ﬁee:&r whiclf’ disintegrates when caused to exceed a pre-
“determined deflsction due to overload of transmined
forces,

Still another object of the instant invention is to pro-
vide a method of disconnecting elements at a predesig-
nated time or when predetermined conditions exist.

Generally, the foregoing and other objects are ac-
comp]?shed in accordance with this invention by pro-
vision of @ monolithic tempered glass connector element.
This element may extend through opposed elements to be
released at a predetermined time. For exau.ple, it may
be 2 member such as a shear pin, a circular ring, a spoke-
shuped element, or an ariicle of any other configuration
desired.  The material from which the frangible connector
element is made is relatively strong and therefore capable
of transferring loads from one ekmcm 10 another, As
is well known, tempered glass has the characieristic of
great tensile stress in the interior of the material which
is balanced by compressive forces pear the surface of
the material.  Upon local failure of the material, as by
means of a scratch or puncture going thiough the com-
pressive Jayer at the surface or by mezos of a sharp
blow, the eatire member disintegraies almost instantane-
ously info a pu h md or comminuted material. In
order to prevent esired damage o the connector ele-
ment, it is gens:rﬂ? surrounded in the force-trapsmitting
arzas by a resilient bux‘img, An injuator, such as a
sharp blade or projectile, is provided for inducing local
failure at the occurrence of some predetermined event.
Such aa initiator may be aciuated by pyrote mic, elec-
trical or prechanical devices well known in the prior art.
It is also contempinicd that the initiztor may b2 3 member

such as a screw having a sherp point located such that
a predetermined amount of deflection of the connector

element causes the screw fo induce local failure and,
consequently, separation of the elements connected.

A more complete appreciation of the invention and
many of the attendant advantages thereof will be readily
as the same becomes better undersicod by
roference to the following desziled desc riptiﬁn when
dered in connection with the accompanying drawings
whis.em.

apparent

I is a crov-swtio“zii \‘icw of one configuration
ention;
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on line 6—6 of FIG.

FIG. 7 is an eni
of FIG, 5.

Referring now to the drawing wherein like reference
numerals designdte identical or corresponding parts
throughout the several views and more particularly to

arged cectional view taken on line 7—7
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CFIG. 1 wherein a quick-release device or coupling, gen-

erally designated by numerai 19, is shown as establish-
ing a positive connection between members 12 and 16.
The coupling showa in FIG. 1 is typical of those for
transmitting loads between two elements and in which
failure js desirable upon the occurrence of a predeter-
mined event. Member 12 has an opening or bore 14
extending therethrough and could be a member such as
the tongue of a farm implement. Element 16 is a U-
shaped member having a base portion 18 and legs 20
which also have apertures or bores 22 therethrough. For
example, element 16 could be eguivalent to the bitch
nortion of a load-drawing vehicle, such as a tractor or
truck. In order to prevent movement or loss of the con-.
necting member, to be described more fully hereinafter,
cover plates 24 are located on the outer surface of legs
20 and are secured in place by screws 26 threaded into
bores 25 in legs 28.

Frangible connector 20 is shown as a sheat pin ‘or its
equivaient which substantially fills apertures 14 and 22
in members 12 and 18 respectively. Cannector 36 has
an interior portion which acts as load-transmitting mem-+
ber 32 composed of tempered glass. Surrounding pin
32 is resilient bushing 34 made of rubber, neoprene of
some equivalent type of plastics. A metal container
extends substantially completely around bushing 34 and
acis as a further protection against undesired damage
or failure of pin 32, Slots or grooves 36 extend sub-
stantially about resilient bushing 34 to form a protec-
tor which will be easily separated when the shear forces
acting on coupler 38 are extensive encugh to cause failure
of pin 32, The ends of bushing 34 are covered by me-
tallic caps 338 and 42, the latter baving slot or aperfure
48 which perimits screw 4& te extend to a predetermined
point near pin 32 because of access hole 44 in bushing
34, The central area of bushing 34 between slots 36
is protected by metallic eylinder 46,

Screw 46 is shown in FIG. 1 as

s extending from the
I :

force,
rotation and Joc
ing indicia 58 w
43 is 1o be placed in order that,
force causing a predetermined an
pin 3%, the pin will encounter the snarp end of screw
46 and be punctured. Since tempas s in a con-
stant siate of stress with the interior porticn of pin 32
in tension and the surface in compression, punciure of
the outer surface resulfs in local ure which cauvses
pin 3% to disintegrate and thus permits separation of
members 12 and i6. In view of the above, it is ap-
parent that by properly setting screw 46 at a predeter-
mined depth, pin 32 will be ¢ i to disinteprate and
separation of slements 12 and 1 ied when the forces

ned limits.
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threads 68 adjacent the portion to be comnected to the
upper stage. :

The connection has channpels 72 and 74 which are-as-
sociated with the upper and lower stages respectively
and are so related as to form a box-like structure. CPan-
nel 72 is oriented upside down and includes outer flange
86, inner flange 84 and base 82. TLower channel 74 has
outer flange 86, base 88, and interior flange 98. The
external faces of outer flanges 80 and 86 are respectively
provided with heavy-duty thresds 76 and 78 which are
adapted to matingly engage threads 66 and 68 or the
interior face of upper and lower stage frames 62 and
64. Base 82 of channel 72 has aperture or bore 92
extending therethrough adjacent and parallel 1o outer
flange 80. Similarly, base 88 of channel 74 has aper-
ture or bore 94 extending therethrough adjacent and
parallel to flange 90.

As best seen in FIG. 2, flange 80 has stud or boss
26 adjacent the inner face thereof and flange 86 is pro-
vided with recess $8 adjacent its inner face. As is readily
apparent from the drawing, boss 96 interfits with recess
98 tq. assist in. preventing relative lateral movement of
channels 72 and 74 of coupler 60.

To provide a positive connection between the two-stages
and permit case of release, hook members 108 and 162
are aliernat:ly iocated in the opening formed by chan-
nels 72 and 74. These book members are identical and
bave base portion 164 provided with a trough or seat 106
and faces 108 and 11¢ on one edge thereof. Trough or’
seat 166 is on what miglit be called the inner face of base
1G4 and shaft or arm 112 exiends from base 104 on the
same side thereof, Shaft or rod 112 is adapted to extend
through aperture 92 or 94 in flange members 72 and 74
and is provided with threaded end 114, Nuts 116 are
threaded on shaft 112 about threads 114, Generally, the
stages of a rocket are cylindrica, in shape and accord-
ingly the connector would be of circular configuration.
Therefore, channels 72 and 74 would also have a circular
configuration in plan. Tempered glass connecior 130 is
also in the shape of a ring and of a size to fit within the
opening between channels 72 and 74, However, it is
obvious that should a shape other than circular be desir-
able, channeis 72 and 74 could be attached by means other
than threads and cennector 139 could be made of any
desired shupe that would fit within the struciure to be
utilized.  In order to protect connector 138, bushings 132
are provided intermittently therearound. That is, bush-
ings 132 are Jocated so as to protect connector 130 where
it would contact hooks 108 and 162,

As indicated hercmabove, apertures 92 and 94 are
spaced to permit shafts 112 of books 108 and 102 to
extend through channel members 72 and 74. These aper-
tures are aliernatingly positioned on a line substantially
parallel to the longitudinel axes of the channel members
in order to provi between pairs of hooks 100
and ¥82. T« assembly of a positive connection,
slots 118
tively, 1o
Therefore,
with thel
64 of

el

members 164 and 102.
and 74 have been positioned

e rocket, hook
rough the chan-
siots ajso function io
the hooks and siages once

st any convenient position
such s a sharp blade or
138, As is clear from
i mmlity a series of
: nents which are intermitiently
spaced about connector 139 to protect it from premature
damage by troughs 186 of hooks 188 and 1862, Thus,
actuator 140 and initiator 142 shouid be located so as
to permit initiator 142 to pass through opening 144 and
strike ghass ring 136 where it is unprotected by bushing

indivig re nt sler
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13z, When initiator 142 strikes connector 130, the outer
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surface of the tempered s material of which co

136 is comprised will fail and connecicr 130 will disinte-
grate into a sandlike pulverized material ammost instanta-
neously. Thus, the two stages of the rocket are permitted
to separdte symmetrically.

Hooks 100 and 102 may be connected about connector
ring 134 subsequent to channels 72 and 74 being mam;‘!y
engaged with frames 62 and 64. However, in some in-
stances, it may become adviszble to assemble connection
60 prior to mating the individual stages cf the rocket
Under such circumstances, the connection 60 may be built
or constructed as a “tree-standing” element.  If the con-
nection is completed with the exception cf engaging the
threads on channels 72 and 74 with frames 62 and 64,
it may be necessary to provide flanges 80, 84, 86, and 90
of channels 72 and 74 with mating bores or holes 122
Keys 126 fit in bores 122 for preventing relative rotation
between' channels 72 and 74 and, therefore, assist in pre-
venting premature injury or dam'{% to cofimector 134,
Obviously keys 126 must not be so large as to cause fric-
tion between themselves and bores 122 when separation is

effected. Once connection 68 has been fully assembled,

it would be aftached to one of the stages; for example,
frame 64 would receive the free-standing assembly by the
mating engagement of threads 68 and 78. Subsequemly,
frame 62 of the upper stage would be engaged with
threads 76 on channel 72 by rotation of the upper stage
until a positive connection had been qccomp]ish&d

Another embodiment of the invention is shown in FIG.
4 wherein heavy-duty coup}ex 280 is shown to be com-
prised of upper section 282 and lower scction 230, Upper
section 262 has vertical element 204 which may be of
circular, rectangular or any desired confizuration in plan
(not shown). Atlached to vertical flange 284 is hori-
zontal member 266 which is provided with several aper-
tnres 2068 which are circumferentially located adjacent
and in spaced relation to vertical flange 244, Lower sec-
tion 210 has vertical flange 212 and associated horizontal
member 214 which is provided with aperiures 216, cir-
cumferentially spaced adjacent vertical flange 212, The
spacing and number of aperwures 208 and 216 will depend
upon design criteria for loads anticipated during jannch
and the number of hooks 218 and
mission of loads beiween upper section 282 and lower
section 218.  As shown in FIG. 4, upper section 202 is
provided with hooks 218 which extend through apertures
208 to threaded portion 238 for receiving nuis 232,
Lower section 21§ is provided with hooks 220 that have
a pair of arms 222 and 224 which are speced from one
another to form a voke-shaped element The shaft por-
tion of hook 220 is provided at its extremity with threads
226 which are adapted to matingly engage nut 228 and
thereby effect a positive connection of hook 228 with
lower section 21 Although FIG. 4 shows and the mem-
bers . ¢ described as being hoo :I s 1o be *m Jerstood
that elements 218 and 229 coul
bers with apertures therethroug
criteria and accessibility for

Connector .&‘;it is show
and as being ¢

a3}

of tcmpe
0n \xh cH

ed
O

to the cm’a*ﬂ 1EY «zicm
section 218 @ However,
connecior 24 may be of a

is. readily au“a wable for b
2864 and "E;’i. Bushings
resilient material, are positio
as to provide proiection
of connection 268 or wi
or other movement of b
244 is located within the erx H rmed by flange 284,
member 206, fange 212, and mcm‘:mr 214 and 1s sup-
ported by sirap Z48. Initiator 246 is of sharp blade or
projectile shape or some cther well known construction
and is associated with actuator 244 in a position so as

-

aused by vibration
Z38 Aciuator
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228 necessary for rans- .
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to contact ccmnector 240 in-an arca which 1s not covered
hr om no-‘t‘/\-- of bushing 24 A iy 244 is of any

oY a 1011 242, Actuator
well known construction, for example, a pyrotechnic
member in which activation may be induced by some
electrical or pressure source.  Activator 244 causes

“initiator 246 to impinge connector 240 and thereby effect

local failure which causes connector 240 to disintegrate
almost “instantanpeously and’ permits simultancous and .
uniform separatxon of upper section 202 from  lower
section 210.

A further embodiment of the instant inventive con-
nection which may be used as an m?er:tagc connector
or in some other environment which requires quick relzase
of two members is shown in FIGS. 5, 6, and 7. -FIG.
6 shows first section 302 and second section 304 which
are to be connected for quick release. Section 302 has
inwardly directed base flange 308 and coupling rim 308
which respectively engage or are adapted to abut base
flange 310 and coupler rim 312 of lower or second section
304. As more clearly shown in FIG. 5, coupler rim 308
is constructed of a series of segments 324 and coupler
rim 312 is made up of several segments 326. Segments

314 and 326 zye similar and would only vary depending
upon the configuration of sections 387 and 364. For
example, the circular configuration of FIG., 5§ would

require the arc and, accordingly, the lengih of segment
326 to be slightly less than the arc length of segment
324, Segments 324 are adapted to abut one another in
end-to-end relationship with the adjacent ends thefeof
having apertures ot epenings 328 which receive one half
of connector element 330 and bushing 336, to be described
more fully hereinafter.

Fastener 314 has halves 316 which are attached to and
coniorm to the cross-sectional shape of seaments 324
and 326 adjacent and about openings 328 in the edges
of the latter. Fastener halves 316 are provided with
mating bores 318 which receive bolts 326, Bolis 320
are threaded at Jeast at each end thereof for receiving

nuts 32Z to effect position connection of fastener halves
316.

As shown more clearly in FIG, §, connector 330 is
formed with hub 332 and a plurality of spokes 334. The
number of spokes 334 and their angular rejationship 1o
one zmo!.her will be dete ed by the number of segments
324 and 32§ with their & “i?ted edge grooves. In
order 1o protect connector 330 from premature damage
and possible failure, the areas of spokes 334 which ex-
tend through the edge grooves of adjacent segments 324
and 326 are covered resilient bushings 336,

Omne method of assembling connection 380 is to locate
a pair of segments 324 and a pair of segments 326 with
their associated fastener halves 316 aiready atiached
in the proper location at the edge grooves. Connector
336 would then be positioned o as to extend through
the opening formed between the segment pairs and with
bushing 33& in place. Bolis 328 would then be p}aced
in bores 31% and nuts 322 apphed to. cause a positive
connection of adjacent menis 324 and similarly with
S querntly, another segment
e of the segments 324

326 would also be
mected by means
15 seen that by’
on would be
a circular configura-

ST,

ﬁ@n havi 3¢ located centrally thereof.
Accordi z coupler is consiructed which
is read section 382 and f:eﬂond
section connection of the
free-sta provided for con-

nectinng s z 18, Similarly, angle
members 3%2 e:ract connection of segments 324 to base
flange 305, Once angles 356 and 352 have been properly

secured, first section 362 and second section 364 are posi-

tively connected,
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In order to provide for separation of first section 392
and second section 364, actuator 348 of conventionul
desizn, is provided with an initiator 342, also of conven-
tional configuration, such as a sharp object or projectile,
associated therewith. Actuator 348 is designed to actuvate
initiator 342 upon occurrence of a predetermined event
or at a predelermined time and thereby cause connector
330 to disintegrate and permit instantaneous and uniform
separation of sections 302 and 304.

In operation, until the moment of release arises, the
connector performs its first function of transmitting the
loads required to assure positive connection between the
Positioning is obtaided in
the usual way by a proper registering of mating secrions
and a state of conirolled loading on the connecting piece
is established through use of the resilient bushings or
gaskets. When release is desired, the connecior is caused
to fail locally throvgh the medium of the actuator and
initiator either at a simgle point or al symmetrically
In consequence of
the locul or point failure, the equilibrium between the
inner tensile stresses and the outer compressive stresses
is destroyed and the connector disintegrates a.most instan-
taneously into 2 granular materiai resembling sand and,
consequently, all connection between the sections is
destroyed.

Although primarily disclosed for the instantaneous re-
lease of connected sections, the use of tempered glass
mechanical parts for expendable release devices bas many
applications within the scope of the contemplated inven-
tion. For example, it could be used as an ermergency
release bolt for securing doors to areas of restricted access,
as a stop unit 1o operate protective relays in case of over-
loads that cause excessive deflections, as guick-release
stoppers for pressure vessels either for desired quick-
opening action or as pressure release proieciive devices,
and as a connection for jettisoning devices. Thas, it is
seen that the vse of tempered glass {or mechanical con-
nections or safety devices has m:any applications which
would fall within the contemplation of the present in-
vention.

The quick-release or safety devices as disclosed herein-
above have the features of speed, unifermity, reliability
and completeness with which separation is accomplished.
The glass parts completely disintegrate practically instan-
taneously permitting svmmeirical separation without leav-
ing any mechanical sireagth,

When properly designed, these glass parts are very
adaptable to quantity production from very low-cost ma-
terials and are impervious to deterioration from corresion
or moisture,

Gbviously, many modifications and variations of the
subject invéntion are possible in the light of the above
teachings. It is, therefore, to be understood that within
the scope of the appended claims the invention may be
pract‘“ed otherwise than as specifically described.

Wnat is «*hmnd m new and aesned 10 b secured by

tters Patent of ite :

1. An prengdalc ;e% ievice f:,mnpris:mz.
means located on rospective elen
wmha‘cu Lims me d
o 'wzo
means §
uniform
oCours.

2. A locking mechanism comprise
pling a plmahfw of
tempered glass means
for releasably securi
said glass means
" 3. A coupling me

ism comprised of: a @uramy of
elements 1o be rele: Iy securedy anchor means on sach
of said elements; wholly comminutable tis means for re-
leasably interconnecting szid anchor means; and protector
means for said tie means, disintegration properties of said

10
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tie means permitting instantaneous and uniform release
of all elements upon fracture of said tie m
4. A qnuk—rekase device comprised of: an 1miantane-
ously and wholly comminutable disintegratable connector
element; protector means for preventing premaiure dem-
age to said connector element; opposed elements to be
releasably connected, said connector element ;ommo said
opposed clements; and inidator means for causing failure
of said connector element whereby the connector element
disintegrates and the opposed clem«,nts separate symmetri-

cally.

5. In an overload release device the combination com-
prised of: initiator means; and commiputable means for
securing elements of a hazardous structure together where-
by, when desired environmental conditions are exceeded,
the initiator means causes complete comminution of the
comminufable means and thereby permits a reaction to
environmentai conditions of an instantaneous and uniform
separation of elements with said comminutable means
after failure appearing as only minute debris.

6. In a quick-release coanector the combination com-.

_ prising: a plurality of elements (o be releasably secured

together; attachment means associated with said elements;
instantaneously comminutable tic means for releasably
securing said attachment means together to provide in-
stantaneous and symmeirical release of said elements;
and initiator means for commencing failure of said tie
means.

7. The cuick-release connector of claim § wherein the
attachment means includes apertures through portions of
the elements; and said initiator means is a sharply pointed
member,

8. The quick-release connector of claim & wherein
means are provided for protecting said tie means.

8. The quick-release connector of claim 7 wherein the
tie means is protected by a resilient bushing and a metal
container; the initiator means has indicia for marking the
location of the pointed member to creaie failure of said
tie means at a predetermined deflection; cover plates pro-
vided for retaining the tie means within the elements to
be connected and for ease of replacement of the tie means;
and slots are provided in the mieta) container and resilient
bushing in omur {o effect more rapid release.
ase connector of claim 8§ wherein the
attachmient means is comprised of alternatingly opposed
hook members; the initiztor means is a sharp blade; and
the protector is interfifting channels.

i1, In a quick-release connzctor the combination com-
prising: a plurality of elements to be rzlzasably secured
together and having threads thereon; tie means to pro-
vide instantancons release of said elements; initiator
means including a sharp blade for commencing failure
of said tie means; protector means including interfitling
channels; the opposed flanges of said channels having
mating recesses; a Key located within said recesses 1o

prevent relative moveimnent of said chapnels; one flange
csf said channels he threads for a znchsz‘.g said chan-
nels to said elements; attachment means including alter-

i u;}naxci hook members ass m’i wiih &aid

NCENS having g
of being ir“amareous}y
ecuring said
iorm release of
hings intermi iy spaced at
§ oppused f;g,stmfzf eic sents and surrounding portions
of said tie means for protection thereof; initiator means
/ing a sharp blade for commencing {ailure of said tie
means; and actuator means whereby the actualor means

causes motion of the initiator means which ruptures the

f o pmvide i
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franzible ring to permit instantaneous and- unifcrm re-
lease of the sections.

13. The quick-release mechanism of claim 12 wherein
the attachment means are alternating hooks with the
hooks from at Jeast one element having a pair of spaced
arms; said hooks having threaded shafts with nuts secur-
~ ing said hooks in place.

i4. Ina qumh‘selcase connecior the r‘ombgnanon com-
prising: a vehicie having a plurality of stages: inwavdly
extending base flanges and upwardly extending coupling
rims on adjacent edzes of siid stages; said coupling rims
having a plurality of segments; recesses in the ends of
sald rim segments; aitachment means having fastener
halves secured to each of said segments-adjacent said
recesses; tie means extending through said recesses for
releasably securing said attachment means {o provide in-

stantaneous. and uniform release of said stages: resilient’

bushings located in the recesses of said rim segments and
fastener halves to protect said tie means f7om premature
damage; angles securing said upwardl, ‘extending cou-
pling rims to said imvaxd}y extending base flanges; initiator
means for rupturing said tie means; and actuator means
for eausing activation of said initiater means.

15. The quick-release connector of claim 14 wherein
said tie means is comprised of a hub with spokes.

16. In a quick-release device the combination com-
prised of: a plurality of elements; cach of said elements
having flanges with rims; iie means extending through
said rims and having the property of being instaniane-
ously disintegratable upon rupiure; actuator means; means
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“initiator means to unpm?c ePd rupture the tic
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associated with said actuator m
of said tie means,

failure
causes the
means: to
provide instantaneous disintegration of the tie means and
uniform release of said clements.
17. The quick-relcase device
rims are comprised of a

cans for initiating

{or means

of claim 16 wherein said
plurslity of segments positiched

"end-to-end.

18. The quick release device of claxm 16 wherein fas-
teger halves are assuciated with said rims to 3ecure said
tie means in place.- :

19, The quick-release device of claim 16 wherem said
tie means is monolithic tempered giass; and means for
protecting said tie means locsied in the areas where said
tie means extend through said flanges.
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